A crystallographic procedure is given for constructing a dislocation of given Burgers vector in any crystal structure. The theory is applied to glissfle dislocations in the c.p.h, and diamond structures, and to sessile dislocations in the f.c.c, and b.c.c, lattices.
Introduction
Given that a dislocation has the form of a straight line lying in a particular lattice plane, referred to hereafter as the slip plane, with a prescribed Burgers vector b, where b is a lattice vector in this plane, it is well understood that there are two degrees of freedom at our disposal in the construction of the dislocation and three in its crystallographic description. For the direction of the dislocation line may be that of any lattice vector d in the slip plane, and the dislocation plane* may be any lattice plane (other than the slip plane) containing d; if p is any lattice vector in the dislocation plane (other than d), a map of the plane p, b--referred to hereafter as the elevation plane--provides the most convenient and suggestive picture of the lattice distortion. It is the purpose of the present paper to analyse how the crystallographic construction of the dislocation depends on the choice of the dislocation plane, to show how the description depends on the choice of the elevation plane, and to apply the results to the more general dislocation consisting of a sequence of straight-line segments of differing diroction~, The an~lysi~ is extended ~0 any crystal structure, however complex, and should hence provide the theory of dislocations with a rigorous crystallographic setting which is at present lacking.
Crystallographic construction
According to the preceding considerations, we set up a triplet of vectors b, d, p at any lattice point © of * This may be formally defined as the lattice plane parallel to which half-planes are inserted or removed. the dislocation line: b is a given lattice vector in the slip plane; d lies in the slip plane, but is otherwise arbitrary, and defines the dislocation line through ©; p does not lie in the slip plane, but is otherwise arbitrary, together with d defining the dislocation plane and together with b defining the elevation plane. The slip properties of the dislocation depend only on b. For a given b, the construction of the dislocation depends on the choice of the dislocation plane. In the simplest possible case, the vectors b, d, p constitute a primitive triplet. This implies that the stacking pattern of the dislocation planes along b is ...11111...; removal or insertion of a half-plane does not alter this stacking at distances far removed from ©, and hence enables us to construct the dislocation in the usual manner (Cottrell, 1953) . The stacking pattern of the elevation planes along d is ...11111 ..., so that the map of only one such plane suffices for a complete description of the lattice distortion. Finally, to follow the disturbance along the dislocation line, a map of the slip plane is also necessary. If b, d, p do not constitute a primitive triplet, e.g. the parallelepiped defined by them contains a lattice point in the interior or on one of the sides, it is convenient to consider three distinct possibilities for the situation of this point:
(1) It lies in the parallelogram d, p, as illustrated in Fig. l Removal or insertion of a half-plane alters this stacking to ... 12122121 ..., and hence produces a dislocation of Burgers vector b/2. The new stacking is energetically unfavourable except in certain special cases, so that the existence of a dislocation of this kind* is most improbable. Removing or inserting two half-planes restores the stacking ...1212 ....
as illustrated in Fig. l(b) , and hence produces a dislocation of Burgers vector b. As regards the elevation planes, their stacking along d is ...11111..., so that only one map is required.
(3) It lies within the interior of the parallelepiped and not on one of the sides. In this case the stacking of the dislocation planes along b, and of the elevation planes along d, is ...1212..., * Such dislocations are referred to as imperfect dislocations since b/2 is not a lattice vector. so that a combination is required of the construction (1) and of the description (2).
We now show how to construct a dislocation of Burgers vector b, which ( Fig. 2) consists of a sequence of straight-line segments. At the point On, initiating the segment OnO~+l having the direction of the lattice vector dn, we examine the parallelepiped defined by b, d~, p; if this is primitive, we remove or insert the strip of dislocation plane d~, p standing on 0~0~+1; if it contains a lattice point L in the interior, we must also remove or insert the parallel strip passing through L. The vectors b, p are the same for each initiating point On, i.e. the elevation planes are parallel for each segment of the dislocation line, thus enabling us to follow completely the alteration in structure from one segment to the next. An interesting restriction on d n is suggested by the analysis, viz. that the number of interior points within the parallelepiped b, d~, p should be constant for the dislocation line, e.g. if b, d~, p is primitive we should expect b, d e, p and all succeeding triplets to be primitive. This follows from the consideration that an elaborate physical mechanism would be required for varying the number of parallel strips of dislocation plane to be removed or inserted on 55* passing from one segment to the next.* The extreme case d, llb is possible, and defines a segment O.O.+z of pure screw orientation; the extreme case d n. b = 0 defines a segment 0~0n+z of pure edge orientation; intermediate cases may be regarded as the superposition of pure screw and pure edge orientations.
Examples of c.p.h, and diamond dislocations
if the structure consists of two interpenetrating lattices, an A.lattice and a B-lattice, we take b, d, p to be lattice vectors of the A-lattice and emanating from an A-point; no matter how b, d, p are chosen, there always exists on B-point within the parallelepiped b, d, p so that, in general, at least two halfplanes must be removed to maintain a constant Burgers vector b along a dislocation line. Sometimes we can arrange for the B-point to fall within the parallelogram d, p; in this case, the stacking of the dislocation planes along b is ...111111..., and therefore only one removal or insertion suffices.
To determine such planes, referred to hereafter as AB-planes, we make use of the following theorem: if the A-lattice is referred to a primitive unit cell a, b, c which contains a B-point at xa+yb+zc, the A-plane (hid) passes through B-points if hx+Icy÷lz is an integer (Jaswon & Dove, 1955) . Thus the c.p.h. structure may be referred to a primitive hexagonal unit cell, with a B-point at [~, ½, 0, ½], in which case the AB-planes are (1210), as illustrated in Fig. 3(a) ; these are singly stacked along the direction of the slip vector b = [1, 0, 0, 0] lying in the basal plane (0001), * Formal geometry alone does not, of course, determine the crystaJlographic direction of least energy for a given b, but is an important factor which should be taken into consideration.
as illustrated in Fig. 3(b) , and hence qualify as the most likely dislocation_ planes for this mode of slip. The intersection of (1210) with (0001) defines the dislocation direction d --[1, 0, 1, 0]. As is apparent from Fig. 3(a) , the stacking of the dislocation planes along d is ...1212... so that maps of two successive such planes are necessary ( Fig. 3(c) ). Since (1210) are the only AB-planes in this structure, any deviation from the direction m [1, 0, 1, 0] implies the removal of at least two parallel strips of dislocation plane corresponding to the new segment, and is hence unlikely, bearing in mind the considerations of the preceding paragra_ph, if so, the restriction to the straight line [1, 0, 1, 0] may be removed only by introducing segments of pure screw orientation.* The diamond structure may be referred to a f.c.c. structure cell, with a B-point at [~, ¼, ¼] , in which case the AB-planes are (110) (Fig. 4(a) ). These are perpendicular to (111), and singly stacked along the direction of the vector b = ½[1, 0, 1], which qualifies as the most likely slip vector ( Fig. 4(b) ).
As shown in Fig. 4(a) , no less than three successive elevation maps are required for a complete description. An alternative possibility for slip is b'--½[2, 1, 1], but this should not be expected to compete with b for the following reasons: (1) b' > b, so that the energy associated with b' exceeds the energy associated with b. (2) The AB-planes (li0), which are the most likely dislocation planes, are triply stacked along b' but only singly stacked along b (Fig. 4(b) ). (3) Unlike the case with the f.c.c, lattice, the reaction path * The planes (1120), (3110) are erystallographically equivalent to (1210); the former intersects the basal plane along d" = [1, 1, 0, 0] and is singly stacked along b ----[1, 0, 0, 0]. This means that segments of direction d' are also allowed. No clear-cut evidence has ever been presented for the occurrence of plastic deformation in diamond; at elevated temperatures, slip on {111} planes has been reported for germanium and silicon, but the slip direction has not yet been decisively determined (Maddin & Chen, 1954) . This suggests that potentially glissile dislocations b or b' exist in diamond, but are rendered immobile by various physical factors which are particularly dominant at low temperatures. Discussion of these factors lies outside the scope of the present paper.
Imperfect dislocations
Under certain circumstances we may construct dislocations for which b is not a lattice vector. These fall into two main classes, sessile dislocations and nonsessile dislocations. Perhaps the best known example of the former class is provided by Frank's dislocation of Burgers vector b = 1 1 ~[ , 1, 1] in the f.c.c, lattice, for which an elevation plane is mapped in Fig. 5 . The dislocation planes are (111), of which the stacking pattern along their normal is ... 123...; removing a half-plane 2 alters this to ...12313123... in the lower half-crystal, thereby producing a monolayer twin fault 313. This dislocation is energetically feasible, but is incapable of movement except, possibly, by the mechanism of vacancy diffusion. Unlike the case with glissiles, the physical properties of a sessile dis-location--as well as its crystallographic structure-depend very critically on the choice of the dislocation plane. Another example is provided by Cottrell's sessile dislocation b 1 1 = ~[ , 1, 2] in the b.c.c, lattice.
Here the dislocation planes are (112), of which the stacking pattern along the normal is ... 123456...;
inserting two extra half-planes 12 alters this to ...5612123456... in the upper half-crystal, thereby producing a monolayer twin fault 2 1 2. An alternative, equivalent, procedure, is to remove the four half-planes 3 4 5 6, thereby altering the stacking to ...56121234... the equilibrium configuration characteristic of the perfect crystal; on the left hand side, however, the atoms are allowed to relax only as far as the alternative equilibrium configuration characteristic of the twinned crystal, this being maintained over a certain distance, as shown. The passage of such a dislocation through the crystal leaves in its wake a monolayer twin, which could be formally produced by a homogeneous translation ~b of the upper half-crystal: b is the unit lattice vector in the twinning direction, and 2/d(hu) the twinning shear. The dislocation N contains no extra half-plane, nor is it deficient in a half-plane, its function being to connect the monolayer twin on its right with the perfect crystal on its left. Its Burgers vector is evidently (1-2)b.
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